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Cellular and non-cellular compositions of crescents in human glomer-
ulonephritis The composition of glomerular crescents was examined on
the frozen kidney sections obtained from 10 patients (5 patients with
IgA nephropathy, two with Henoch—Schönlein purpura nephritis and
three with glomerulonephritis due to undetermined etiology) using
well—defined monoclonal and polyclonal antibodies to coagulation pro-
teins, extracellular matrices, intermediate filament proteins and im-
mune cells. Fibrinogen/fibrin related antigens (FRA), which were
stained with anti-fibrinogen serum, were positive in the crescents of all
the patients, but monoclonal antibody to crosslinked fibrin or von
Willebrand factor (factor VIII related) antigen did not bind to the
crescents. This suggests that the FRA deposited in the crescents is
fibrinogen or its degradation products rather than fibrin. Staining for
intrinsic components of renal basement membrane, including type IV
and V collagens, laminin and fibronectin, were consistently positive in
all stages of the crescents. Cytokeratin, showing cytoplasmic staining of
the glomerular parietal epithelium and tubular epithelium in the normal
kidney, was demonstrated in three patients with cellular crescents.
Vimentin, which is normally distributed in parietal and visceral epithe-
hal cells in the glomeruli and interstitial cells, was found at all stages of
the crescents. These findings suggest that in the early stage of crescent
formation, glomeruar epithelial cells play an important role, and that the
accumulation of intrinsic basement membrane constituents is associ-
ated with the formation and progression of the crescents. None of the
crescent cells reacted with either of two monoclonal antibodies (Mo2
and FMC 32) to monocytes/macrophages or with nonspecific esterase
staining. It seems that, at least in our patients, monocytes are a minor
factor contributing to the formation of glomerular crescents.
Glomerular crescents have considerable prognostic signifi-
cance independent of the basic etiology of glomerulonephritis;
the presence of crescents in more than 80% of glomeruli is
indicative of rapid deterioration of renal function [1, 2]. The
prevention of crescent formation is extremely important in
treating glomerulonephritis. The pathogenesis of glomerular
crescents, however, is not clearly understood.
Based largely on morphological observations, cells contrib-
uting to glomerular crescents have traditionally been thought to
be derived from glomerular parietal or visceral epithelial cells
[1—5], Recent studies with a monoclonal antibody to cytokeratin
supported the concept of parietal epithelial—cell origin [61.
There is some evidence for the role of fibrin in the process of
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crescent formation [3, 7, 8]. Fibrinogen/fibrin related antigens
(FRA) have been repeatedly observed within the crescents
using fluorochrome—conjugated antisera to fibrinogen [9, 10].
Several investigators have reported that in experimental nephri-
tis, treatment of animals with anticoagulants decreased the
frequency of crescents and the severity of renal insufficiency [7,
8, 11, 12]. Subsequent studies [13, 14], however, have raised
some doubt as to the efficacy of hepann use. In the last decade,
several studies using glomerular cell culture [15], special histo-
chemical [5, 16, 17] or immunohistochemical [18] staining and
ultrastructural analysis [16, 19] have suggested that monocyte/
macrophage system participates in crescent formation.
To gain a better understanding of crescent formation, we
have studied cellular, fibrocellular and fibrous crescents in
human glomerulonephritis by immunohistochemical staining
using well—characterized monoclonal and polyclonal antibodies
to coagulation proteins and extra—cellular matrices. Cells com-
posing the crescents were characterized by monoclonal anti-
bodies to intermediate filament proteins and immune cells.
Methods
Tissue specimens
Kidney tissues obtained from 10 patients by needle or surgi-
cal biopsy for diagnostic purposes were used: five patients with
IgA nephropathy, two with Henoch—SchOnlein purpura nephri-
tis (HSPN) and three with glomerulonephritis due to undeter-
mined etiology. None of the sera from these patients were
reactive with the glomerular basement membrane (GBM) of
normal human kidney by indirect immunofluorescence or en-
zyme immunoassay [20]. Samples were also taken from four
normal kidneys following nephrectomy for renal calculi or renal
cell carcinoma. For light microscopic examination, kidney
biopsy tissue was fixed in 10% buffered formalin and embedded
in paraffin. Sections of 4 pm were stained with hematox-
yhin—eosin, periodic acid—Schiff and methenamine silver. The
percentage of glomerular crescents in the kidney tissue from the
10 patients was various (Table 1). Cellular crescents were
dominant in 4 patients (Patients 1, 2, 3 and 6), and fibrocehlular
or fibrous crescents were prominent in the other patients (Fig.
lA and B).
Kidney tissues from 15 additional patients with IgA nephrop-
athy (8 patients) and HSPN (7 patients), with various crescent
frequency (0 to 11%), were also used for monocyte staining.
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Table 1. Immunofluorescent studies of glomerular crescentsa
.Patient Crescents"
.
Coagulation
protein
Extracellular matrix
.Intermediate
filamentCollagen
no. Diagnosis % C/FC/F FRA XFb IV V Laminin FN CK Vimentin
I IgAN 33 C>FC 1+ — 3+ 1+ 2+ 2+ 1-f l+(s)
2 IgAN 10 C>FC 2+ — 2+ 2+ 3+ 2+ 1+ 1+
3 IgAN 28 C>FC 2+ — 2+ 1+ ND 2+ — 2+
4 IgAN 7 FC 1+ ND 2+ ND 2+ ND — ND
5 IgAN 80 FC>F 2+ — 2+ 1+(s) ND ND — 1+
6 HSPN 27 C>FC 1+ — 2+ ND ND ND 1+ 2+
7 HSPN 38 C<FC 1+ — 3+ 2+ 2+ 2+ ND ND
8 RPGNC 80 C<FC 1+ — 3+ l+(s) 2+ 2+ — 1+
9 RPGN 80 FC>F 1+ — 3+ 1+ 3+ 2+ — l+(s)
10 MeSpGNC 24 FC>F 1+ — 2+ 1+ ND 2+ — ND
Abbreviations are: IgA N, IgA nephropathy; HSPN, Henoch—Schönlein purpura nephritis; RPGN, rapidly progressive glomerulonephritis;
MesPGN, mesangial proliferative glomerulonephritis; C, cellular; FC, fibrocellular; F, fibrous; ND, not done; FRA, fibrogen/fibnn related
antigens; XFb, crosslinked fibrin; FN, fibronectin; CK, cytokeratin.
a Staining intensity was graded negative (—), positive (1+, 2+, 3+), and (s) segmental staining.b Frequency of crescents was shown by percentage of crescent—positive glomeruli to total glomeruli, and characteristics of crescents was
classified as C, FC or F.
Anti-glomerular basement membrane antibody was negative.
Fig. 1. Light microscopies showing cellular (A, Patient 1) and fibrocellular (B, Patient 9) crescents (arrows). Periodic acid—Schiff stain. C and D.
Immunofluorescence of a kidney section from Patient 8. Dual—labeling technique with anti-fibrinogen (FITC) and anti-XFb (TRIC) was used. Note
the intense staining for FRA in the crescent (C), but no staining for XFb in the same locus (D). cr: crescent (A, B, C and D, x400).
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Table 2. Characteristics of antibodies
Antibody Classa Specificity Source Reference
Coagulation protein
anti-fibrinogen R IgG FRA Cappel
DD-3B6/22 M lgG XFb MAbCO [21—23]
anti-vWf:Ag M IgG vWf:Ag Cappel
Extracellular matrix
anti-IV collagen
anti-V collagen
M IgG
R IgG
R IgG
IV collagen
IV collagen
V collagen
A.F. Michael
Advance
Advance
[241
anti-laminin R IgG laminin EY Lab
anti-FN M IgG FN Bethesda
Intermediate filament
PKK1 M IgG CK Lab System [6, 25]
anti-vimentin M IgG vimentin Enzo Biochem
Immune cell
T1B M IgG2 pan T cells Coulter
T4 M IgG1 helper/inducer T cells Coulter
T8 M IgG1 cytotoxic/suppressor T cells Coulter
Leu 12 M IgG1 pan B cells Beckton—Dickinson
Mo2 M 1gM monocytes/macrophages Coulter
FMC 32 M IgG1 monocytes/macrophages Australian Monoclonal Development [18]
anti-lactoferrin R IgG PMN Cappel [27]
Abbreviations are: FRA,
fibronectin; CK, cytokeratin.
a R, rabbit antiserum; M, mouse monoclonal antibody
fibrinogen/fibrin related antigens; XFb, crosslinked fibrin; vWf:Ag, von-Willebrand factor related antigen; FN,
Antibodies
Murine monoclonal antibodies and hetero-antisera used in
this study were purchased from commercial laboratories or
provided by the University of Minnesota. Table 2 shows the
characteristics of these antibodies. The following antibodies
were also used; monoclonal antibody to secretory component
(mouse IgG, Australian Monoclonal Development, Artamon,
Australia), monoclonal antibody to the membrane attack com-
plex of complement (MAC) [281, and human antisera to tubular
basement membrane (TBM) (sera from patients with anti-TBM
antibody—mediated tubulointerstitial nephritis, State University
of New York at Buffalo) [29]. The following fluorescein—isothi-
ocyanate (FITC)—conjugated antisera were purchased from
Cappel (Malvern, Pennsylvania, USA): goat antisera to human
fibrinogen, affinity purified F(ab')2 goat anti-mouse IgO and
1gM, and F(ab')2 rabbit anti-goat IgG. Tetramethyl rhodamine
(TRIC)-labeled F(ab')2 goat anti-mouse IgG was also purchased
from Cappel.
Immunofluoresceni staining
Tissues were frozen in isopentane precooled in liquid nitro-
gen or in dry ice—acetone, and stored at _70OC until sectioning
at 4 m on a cryostat. After air drying, the sections were fixed
in cold acetone for five minutes, and rinsed three times in PBS.
The sections were stained by direct or indirect method as
described previously [20, 23]. In the dual staining for FRA and
XFb, FITC-labeled goat anti-human fibrinogen, mouse mono-
clonal antibody to XFb (DD-3B6122) and TRIC-labeled goat
anti-mouse IgG were sequentially applied to the tissue as
described previously [231.
After staining, p-phenylenediamine in PBS-glycerol was
overlaid to retard the fluorescence fading [30]. Tissues were
examined by immunofluorescent microscopy (Optiphoto X,
Nikon, Tokyo, Japan), or by phase contrast—immunofluores-
cent microscopy (HF-2, Olympus, Tokyo, Japan). Intensity
was graded on the following scale: no immunofluorescence (—),
and mild (1+), moderate (2+) and intense (3+) immunofluores-
cence.
Analysis of immune cells in tissue
Both T and B cells, monocytes/macrophages and polymor-
phonuclear cells (PMN) were identified as described previously
[231. The double fluorochrome layer staining described by Platt,
LeBien and Michael [311 was used to detect T and B cells and
monocytes: the kidney sections were sequentially reacted with
a monoclonal antibody (T1B, T4, T8, Leu-l2, Mo2 and FMC
32), FITC-labeled F(ab')2 goat anti-mouse IgG or 1gM, FITC-
labeled F(ab')2 rabbit anti-goat IgG, and ethidium bromide to
stain the nuclei [321. PMN were stained with FITC-conjugated
anti-human lactoferrin [27]. For each section, reactive and
nonreactive cells in all the glomeruli and in 10 to 20 fields of the
interstitium were counted under an immunofluorescent micro-
scope equipped with an ocular index grid, and the following
were enumerated: (i) reactive intraglomerular cells (excluding
cells associated with Bowman's capsule or crescents), (ii) total
intra-glomerular cells, (iii) reactive cells in glomerular cres-
cents, and (iv) reactive interstitial cells. These data were then
expressed as reactive cells per 100 intraglomerular cells, reac-
tive cells per crescent, and reactive cells per 100 interstitial cells
[23].
Standardization of antibodies and controls
The appropriate dilutions of monoclonal and polyclonal re-
agents were determined on frozen sections of normal human
kidneys, human placenta, skin, lymph nodes, tonsils and plate-
lets. Secondary antibodies and tertiary antibodies (for identify-
ing immune cells) were preabsorbed with normal human
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Fig. 2. Indirect immunofluorescent staining for cytokeratin (A, B) and vimentin (C, D) on the kidney sections from a normal adult human (A and
C), Patient 1(B) and Patient 2 (D). On the normal human kidney tissue, cytokeratin was positive in the glomerular parietal epithelial cells (arrows)
and tubular epithelial cells (A), and vimentin was positive in the visceral and parietal (arrows) epithelial cells of the glomerulus, in the interstitial
cells and blood vessels (C). Note the positive staining for cytokeratin (B) and vimentin (D) in the crescent. cr: crescent, V: blood vessel (A and
C, X200; B and D, x400).
plasma. Control sections were stained with FITC-Iabeled sec-
ondary antibodies with or without prior application of the
appropriate primary antibodies.
Histochemical staining
Frozen sections were stained with a-naphthyl acetate for
nonspecific esterase (NSE) by the method of Yam, Li and
Crosby [33] using commercial staining kits (Mutoh Chemical
Co., Tokyo, Japan). Preliminary studies were done using lymph
nodes and normal human kidneys. With this method, the NSE
present within the monocytes and tubular epithelial cells was
diffusely stained; endothelial cells, parietal and visceral epithe-
hal cells, and mesangial cells in the glomeruli were negative.
Results
Immunofluorescent localization of antisera on normal human
kidney sections
None of the normal kidney tissues were stained for FRA or
XFb. Fine granular staining for vWf:Ag was observed within
the glomerular endothehial cells and the intima of the arterioles.
Monoclonal antibody to type IV collagen reacted with the
mesangium, GBM, Bowman's capsule, TBM and blood vessels.
This was similar to the staining pattern of the polyclonal
antibody to type IV collagen. Type V collagen was present in
the GBM, mesangium, interstitium and blood vessels. Laminin
was positive in the GBM, mesangium, Bowman's capsule,
TBM and blood vessels. Fibronectin was positive in the mesan-
gium, GBM, interstitium and intima of the blood vessels.
Cytoplasmic staining was observed with monoclonal antibod-
ies to cytokeratin and vimentin; antibody to cytokeratin reacted
strongly with the epithehial cells of the collecting ducts, moder-
ately with the epithelial cells of proximal and distal tubules, and
weakly with glomerular parietal epithehial cells (Fig. 2A). Other
structures, including visceral epithelial cells (podocytes), GBM
and interstitium were negative. The staining with a monoclonal
antibody to vimentin was positive in the visceral epithehial cells,
parietal epithelial cells, interstitial cells, and intima of the blood
vessels (Fig. 2C). Anti-TBM sera from patients with anti-IBM
nephritis showed linear staining along the proximal TBM. The
mouse monoclonal antibody to MAC was granularly fixed to the
blood vessels and segmental TBM. The secretory component
was positive in the cytoplasm of tubular epithelial cells.
In
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Fig. 3. Indirect immunofluorescence showing the presence of extracellular matrix within the crescents. Kidney sections were stained for type IV
collagen (A, Patient 5; B, Patient 9), type V collagen (C, Patient 7), laminin (D, Patient 9) and fibronectin (E, Patient 9). Crescents are indicated
by arrows (A and C) or cr (B, D and E). (A, x200; B, C, D and E, x400).
Glomerular crescents
Immunofluorescent findings were summarized in Table 1.
Staining for FRA was positive in the crescents of the renal
specimens of all patients (Fig. 1C). None of the nine specimens
examined were positive for XFb or vWF:Ag in the crescents
(Fig. ID), while XFb was detected along the GBM and in the
mesangium of the glomeruli of some of the patients. Positive
staining for extracellular matrix (type IV and V collagens,
laminin and fibronectin) in the crescents was consistently found
in the kidney specimens of all patients examined. In particular,
type IV collagen, laminin and fibronectin were diffusely and
intensely detected in the crescents (Fig. 3).
Cytokeratin was positive in the crescents of the kidney
tissues of three of the nine patients, and the staining intensity
was similar to that for parietal epithelial cells (Fig. 2B).
Vimentin was detected in the crescents of all the seven patients
examined (Fig. 2D); the staining was diffuse in five patients, and
segmental in two (Patients I and 9). The staining intensity was
generally weaker than that for visceral epithelial cells
(podocytes). Numerous vimentin—positive cells were found in
the widened interstitium.
The crescents were not stained with the monoclonal antibod-
ies to MAC and secretory component, or with human anti-TBM
sera.
Immune cells
The kidney tissue of eight patients was studied for immune
cell analysis. Monocytes were identified using two kinds of
monoclonal antibodies (Mo2 and FMC 32) and NSE staining.
None of the specimens contained monocytes within the cres-
cents, whereas some monocytes were present in the glomerular
tufts of three patients (Patients 3, 6 and 8). Small percentages of
PMN, helper and suppressor T cells were identified in the
glomeruli and intersitium, but none of the above were detected
within the crescents. B cells were not present in any of the
specimens.
We studied the relationship between the frequency of cellular
or fibrocellular crescents and the glomerular or interstitial
population of monocytes in a total of 20 patients with IgA
nephropathy (11 patients) and HSPN (9 patients), including
Patients 1, 2, 3, 6 and 7. The results obtained with the two
monoclonal probes (Mo2 and FMC 2) were similar, and the
NSE staining identified between 1/2 and 2/3 of the monocytes
that the two monoclonal probes identified. No clear relationship
was found between crescent frequency and glomerular or
interstitial monocyte population (Fig, 4).
Discussion
We examined the kidney tissue from 10 patients with glomer-
ulonephritis due to various etiologies, and clarified the cellular
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121 which depletes circulating fibrinogen, but not by heparin
Interstitium [13, 14] parallels our hypothesis.
We studied the composition and distribution of the extracel-
lular matrix in glomerular crescents, and found regardless of the
etiology of the kidney disease, type IV and V collagens, laminin
and fibronectin at all stages of the crescents. The basement
•
membrane components, such as type IV collagen and laminin,
are biosynthetic products of epithelial cells [35—37], and fibro-
2 0 nectin is secreted by epithelial cells and by fibroblasts [38].0 1.0 . Thus, these findings suggest that epithelial cells are responsible
for crescent formation, and that the accumulation of extracel-
lular matrix is associated with the progression of crescents.
The expression of intermediate filament proteins reflects the
origin of the cell types and remains unchanged even with
malignant transformation [39, 40]. We used two monoclonal
antibodies which recognize intermediate filament proteins,
cytokeratin and vimentin. In normal adult kidney, cytokeratin
was expressed in collecting duct cells, tubular and Bowman's
capsular epithelial cells, and vimentin was detected in glomer-
ular visceral (podocyte) and parietal epithelial cells and in
interstitial cells. These findings are in agreement with previous
observations from other laboratories [6, 25]. Cytokeratin was
detected in the crescents of three of the nine patients we
studied. In the three patients, crescents were mainly cellular,
and the staining intensity was similar to that of parietal epithe-
hal cells and weaker than that of tubular epithelial cells.
Vimentin was found in all crescent stages, and occasionally
showed segmental distribution.
Again, these data suggest that in the early stage of crescent
formation, glomerular (particularly parietal) epithelial cells play
a dominant role. The marked deposition of type IV collagen and
laminin within the crescents, discussed above, is probably a
consequence of increased synthesis by glomerular epithelial
cells rather than of a decrease in its degradation. The vimentin—
positive, cytokeratin—negative cells which were found in the
crescent of the kidney specimens from four patients might
imply that interstitial cells infiltrate glomeruhi at the later stage
of the crescents. The role of interstitial cells in the crescent
formation has already been suggested by Striker et al [411 who
showed the presence of type III collagen in the organized
crescents in crescentic (anti-glomerular basement membrane)
nephritis and in crescents associated with vasculitis.
The possibility that tubular epithehial cells participate in
crescent formation was ruled out because the staining intensity
of the crescent cells with the anti-cytokeratin antibody was
different from that of the tubular epithelial cells; and human
anti-TBM sera or mouse monoclonal antibody to secretory
component did not bind to the crescent structures although the
two antibodies respectively bound to TBM and to the cyto-
plasm of tubular epithelial cells.
Atkins and his coworkers [15, 18] showed that monocytes are
the dominant cells in the crescents of human and experimental
glomerulonephritis, especially in the cellular phase. Magil [61
and Ferraro et al [42] also observed various percentages of
NSE-positive cells (monocytes) within the crescents in human
glomerulonephritis. To exclude the possibility of antigen vari-
ability in monocytes [18] we used three probes, including FMC
32 which was used by Hancock and Atkins [18] for monocyte
identification. None of the crescent cells reacted with either of
the monoclonal antibodies (Mo2 and FMC 32) or with histo-
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Fig. 4. Relationship between the frequency of glomerular crescents
and monocyte populations in the glomeruli or interstitium. Kidney
specimens from a total of 20 patients with IgA nephropathy (11 patients,
•) and HSPN (9 patients, A), including Patients I, 2, 3, 6 and 7 were
analyzed. There was no relationship between glomerular crescent
frequency and monocyte populations.
and non-cellular compositions of the crescents using immuno-
histochemical staining. The formation of glomerular crescents
is considered to be provoked by substances escaping from the
glomerular capillaries into Bowman's space [1, 3]. FRA, usually
identified by anti-fibrinogen serum, are frequently found within
the crescents [9, 10], suggesting that FRA stimulate epithelial
cell proliferation with crescent formation [3]. Hoyer, Michael
and Hoyer [9] demonstrated FRA deposition without vWf:Ag in
the cellular crescents of patients with severe proliferative
glomerulonephritis. This dissociation suggests that polymeriza-
tion of fibrinogen in crescents may not depend on the coagula-
tion system [9], or alternatively that fibrinolysis in Bowman's
space may be impaired in comparison with the clearance
mechanism for vWf:Ag [10], or that FRA may not be cross-
linked fibrin. A murine monoclonal antibody to XFb, which was
developed by Whitaker and his coworkers [21, 22] enabled us to
clarify the exact nature of FRA deposition in the crescents. This
antibody recognizes XFb and its derivatives, and does not react
with fibrinogen or its degradation products. Previously, we
reported that XFb is frequently observed along the glomerular
capillary walls and in the mesangium of the renal tissues from
patients with IgA nephropathy, HSPN, lupus nephritis and
hemolytic uremic syndrome, and that FRA deposition without
XFb is found in mesangial proliferative (non-IgA) nephritis,
membranoproliferative glomerulonephritis and membranous
nephropathy [23].
In this study, glomerular crescents of all 10 patients con-
tained FRA, but XFb and vWf:Ag were not present. This
finding supports the view that the FRA in the crescent are
fibrinogen or its degradation products, and not fibrin. This is in
contradiction to some of the previous ultrastructural and exper-
imental findings; fibrin strands with a characteristic periodicity
were observed in the crescents by electron microscopy [1, 3,
10], and FRA deposition and crescent formation in nephrotoxic
serum nephritis were prevented by anti-coagulants [7, 8, 11,
12]. This discrepancy may be due to the denaturation of XFb
antigens. On the other hand, fibrillar materials might be other
proteins which resemble fibrin strands, because electron mi-
croscopy is not completely reliable for fibrin detection [34]. The
ability to inhibit crescent formation in animals by Ancrod [11,
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chemical staining, suggesting that monocytes are a minor factor
in the crescent formation process. This is supported by the lack
of correlation between the frequency of crescents and
monocyte infiltration of the glomeruli or interstitium in our
other series of the patients with IgA nephritis and HSPN. The
absence of NSE in glomerular crescents has also been reported
by a Spanish group 1431. The pathogenesis of glomerular
crescents may be heterogeneous. All the patients we studied
were Japanese, most of them had IgA nephropathy or HSPN.
Glomerular crescents are not a hallmark of these diseases, but
still have a prognostic importance [44, 451. In contrast, kidney
tissues analyzed by other investigators [6, 15, 16, 181 are mainly
from patients with crescentic glomerulonephritis, with or with-
out anti-glomerular basement membrane antibodies, and spec-
imens from patients with IgA nephritis or HSPN are not
included. Therefore, the discrepancy between our findings and
those of others is probably due to differences in the etiology of
glomerulonephritis or to genetic factors. Recently, there have
been brief reports [46, 471 describing the participation of T and
B cells in crescent formation, but in our study none of the
kidney sections showed T or B cells within the crescents.
In conclusion, our study suppports the concept that glomer-
ular crescents are of epithelial cell origin, and indicates that the
accumulation of intrinsic basement membrane components
such as type IV and V collagens, laminin, and fibronectin is
associated with the formation and organization of the crescents.
It seems that, at least in our patients, monocytes are a minor
factor contributing to the crescent histogenesis.
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